ABSTRACT: The scuticociliates Miamiensis avidus (syn. Philasterides dicentrarchi), Pseudocohnilembus persalinus, Pseudocohnilembus hargisi and Uronema marinum were cloned and identified using morphological characteristics and the small subunit ribosomal RNA gene (SSU rRNA). M. avidus strains YS1, WS1, YK1 and JJ3 from southern coastal areas and Jeju Island in Korea were pathogenic to olive flounder Paralichthys olivaceus (80 to 100% mortality in 8 to 10 g fish) when inoculated intraperitoneally (i.p.) with 1.0 to 1.4 × 10 6 ciliates fish -1
INTRODUCTION
Scuticociliates are regarded as serious pathogens in marine aquaculture worldwide. They cause mass mortalities in fish such as olive flounder Paralichthys olivaceus (Yoshinaga & Nakazoe 1993 , Jee et al. 2001 , Kim et al. 2004a ,b, Jung et al. 2005 , turbot Scophthalmus maximus (Dyková & Figueras 1994 , Sterud et al. 2000 , Iglesias et al. 2001 , Puig et al. 2007 ), sea bass Dicentrarchus labrax (Dragesco et al. 1995) , southern bluefin tuna Thunnus maccoyii (Munday et al. 1997) , seahorse Hippocampus erectus (Thompson & Moewus 1964 ) and silver pomfret Pampus argenteus (Azad et al. 2007) .
Commercially significant occurrences of scuticociliatosis in olive flounder in Korea were first noted in 1990 (Chun 2000) . The ciliates occurred in the gills, skin, heart, brain, muscles and visceral organs including the intestine. Scuticociliatosis is highly histophagous and destroys infected tissues. The causative agents of scuticociliatosis in the olive flounder in Korea with the same clinical signs mentioned above have been isolated and identified as Uronema marinum (Jee et al. 2001) , Pseudocohnilembus persalinus (Kim et al. 2004b) , Philasterides dicentrarchi (Kim et al. 2004a) and Miamiensis avidus (Jung et al. 2005) . In addition, a very similar disease with high mortality caused by an unidentified scuticociliate in olive flounder juveniles was also reported in Japan (Yoshinaga & Nakazoe 1993) . However, it is not clear if all the species of scuticociliates cause mortalities with similar clinical signs in olive flounder.
In a previous study, using small subunit ribosomal RNA gene (SSU rRNA) and morphological characteristics, we confirmed Miamiensis avidus as a senior synonym of Philasterides dicentrarchi (Jung et al. 2007 ). Moreover, pathogenicity of the M. avidus YS1 strain was confirmed by experimental infections. In the present study, we experimentally infected olive flounder with M. avidus, Uronema marinum, Pseudocohnilembus persalinus and Pseudocohnilembus hargisi to determine their pathogenicity; results suggest that M. avidus is the main cause of mortality in olive flounder.
MATERIALS AND METHODS
Ciliate collection. Scuticociliates were isolated from 7 olive flounder at different farms. One strain (JK3) was isolated from the rotifer Brachionus plicatilis in an olive flounder hatchery (Table 1 ). All infected fish showed typical signs of scuticociliatosis such as severe ulcers and haemorrhages in the skeletal muscle.
Culture. The brain and skin ulcer lesions of infected fish were dissected and washed 3 times in EMEM containing antibiotics (500 IU ml -1 penicillin and 500 µg streptomycin). A small piece of tissue was inoculated into 25 cm 2 tissue-culture flasks with Chinook salmon embryo (CHSE-214) cells. The CHSE-214 cells were cultured in EMEM, supplemented with 10% fetal bovine serum (FBS), penicillin (50 IU ml -1 ) and streptomycin (50 µg ml -1 ) at 20°C. The antibiotic concentration was increased 10 times for skin samples (500 IU ml -1 penicillin and 500 µg ml -1 streptomycin). An isolate (JK3) was originated from rotifers, which are a food organism for olive flounder larvae. Rotifers containing scuticociliates were inoculated into 25 cm 2 tissue-culture flasks with CHSE-214 cells supplemented with 10 times the antibiotic concentrations.
Cloning. After 3 to 7 d of culture, each isolate was cloned 5 times using the limiting dilution method with some modifications (Goding 1993) . Briefly, a series of dilutions was made from the original culture and cell numbers were adjusted to a concentration of 10 ciliates ml -1 . Then, 50 µl of the diluted suspension was inoculated into each well (0.5 cells well -1 ) of a 96 well tissueculture plate containing 100 µl of CHSE-214 cell suspension.
Identification. Morphological studies were made using the silver carbonate and 'wet' silver nitrate methods described by Foissner (1991) . For the silver carbonate stain, ciliates were fixed in 5% formalin, washed and then stained in Fernandez-Galiano's fluid on a pre-heated (60°C) hot plate approximately 5 min until the solution turned golden brown. The reaction was terminated using 5% sodium thiosulfate. For the silver nitrate stain, concentrated ciliates were fixed in centrifuge tubes with Champy's fixative, and then washed into DaFano's fixative. Slides were warmed on a slide warmer set at 35 to 45°C. A tiny drop of concentrated ciliate was placed on a warm slide and embedded in a thin gelatin layer. The liquefied preparation was solidified by cooling on a moist cold surface and then rinsed with distilled water. Slides were placed in a cold 3% silver nitrate bath for 1 h. After washing with cold distilled water, slides were irradiated for 3 to 5 h using ultraviolet lights on a clean bench until the gelatin turned golden brown. Slides were subsequently dehydrated, cleared and mounted. SSU rRNA analysis was carried out as described previously (Jung et al. 2005) . Briefly, 1 ml of cultured ciliates was harvested by centrifugation at 2000 × g for 5 min. The pellet was lysed in a solution of 170 µl Tris-EDTA buffer, 20 µl Proteinase K (20 mg ml -1 ; TaKaRa) and 10 µl 10% sodium dodecyl sulfate (SDS). After incubation at 55°C for 2 h, nucleic acids were extracted using TRIzol (Invitrogen) and chloroform. The eukaryotic universal primers A (5'-ACC TGG TTG ATC CTG CCA GT-3') (primer 1) and B (5'-TGA TCC TTC TGC AGG TTC ACC TAC-3') (primer 6), were used to amplify the full-length eukaryotic SSU rDNA gene, followed by thermal cycling with 40 amplification cycles (94°C for 30 s, 50°C for 30 s and 72°C for 2 min). PCR products were purified using the QIAquick Gel Extraction Kit (Qiagen) and cloned into pCR-2.1 T-vector (Invitrogen). Escherichia coli TOP10 (Invitrogen) competent cells were transformed for plasmid propagation according to the manufacturer's protocol. Plasmid DNA was extracted from cultured E. coli TOP10 and used for sequencing. Sequencing was performed in an automated ABI PRISM 310 DNA sequencer (PE Biosystems). DNA samples were sequenced in both directions and from several separate amplifications with terminal primers (primers 1 & 6) and internal primers. The internal primers used were primer 2 (5'-CTA TCA GCT TTC GAT GGT-3'), primer 3 (5'-GTA GGC TCT TTA CCT TGA-3'), primer 4 (5'-CAA ATC ACT CCA CCA ACT-3') and primer 5 (5'-ACG ACT TCT CCT TCC TCT-3'). Sequences were verified by forward and reverse comparisons and assembled and edited using Genetyx Win Ver. 5.1 software.
Fish. All the fish used in the experimental infection were obtained from a fish farm in the Goheung area.
Five randomly selected fish were confirmed to be free from pathogens; the absence of parasites was confirmed by microscopic observation, bacteria by isolation on brain heart infusion agar (BHIA) (Difco) and viruses by isolation in CHSE-214 cells. Fish were held in laboratory conditions for 10 d until experimental infection. Water was maintained at approximately 20°C, and was constantly aerated for the duration of the experiment.
Infection experiment. Intraperitoneal injection: Ciliates collected from the 75 cm 2 tissue-culture flasks were centrifuged at 500 × g for 10 min at room temperature. One ml EMEM was added into the cell pellet and the resuspended ciliates were counted using a haemocytometer. Twenty fish (8 to 10 g) in each tank were each injected intraperitoneally with 50 µl of 1.0 to 1.4 × 10 4 or 10 6 cells fish -1 of YS1, WS1, YK1, JJ3, SCL-A, SCL-B and JK3 (Table 2 ). Each control fish was injected with 50 µl EMEM. After inoculation, the fish were held in 20 l tanks at about 20°C. Half of the water was changed daily, and the fish were monitored for 24 d. Dead and moribund fish were collected and the skin, gills and brain were examined using a wet mount preparation to confirm the presence of parasites.
Immersion: There were 2 experimental infections by immersion. In the first experiment, 10 fish weighing 8 to 10 g were used in each tank and the strains employed as a challenge were YS1, YK1, WS1, JJ3, SCL-A and SCL-B. The ciliate numbers were adjusted in the range of 3.2 to 4.4 × 10 3 ml -1 (Table 2 ). The food source bacteria were counted in BHIA, and numbered 4.2 × 10 2 and 1.5 × 10 3 cells ml -1 for SCL-A and SCL-B, respectively. Seawater in the fish tanks was drained to a volume of 5 l and then prepared scuticociliates were immersed at the concentrations mentioned above. The control tank was used in a similar manner using 3 ml EMEM containing no ciliates. After 3 d, the tank volumes were returned to 20 l. For the second experiment, fish weighing 30 to 40 g were infected with the strains listed in Table 2 at concentrations ranging from 2.6 to 5.2 × 10 3 cells ml -1 . The Miamiensis avidus Mie0301 strain from Japan and the Uronema marinum JK3 strain isolated from rotifers were included (Table 2 ). Food bacteria of 4.2 × 10 2 , 4.4 × 10 2 and 1.8 × 10 5 cells ml -1 were contained in SCL-A, SCL-B and JK3, respectively. Other challenge conditions were comparable with those used in the first immersion experiment.
Dead and moribund fish were removed from the tank and clinical signs and mortality for the duration of the experiment were recorded; ciliates were examined using a wet mount preparation.
Histopathological analysis. The skin, gill, brain, kidney, liver, spleen, heart, stomach and intestine from all individual moribund fish were removed and fixed in 10% neutral formalin. After fixation, the specimens were embedded in paraffin and sectioned with a microtome at 4 to 5 µm. The sections were then stained with haematoxylin and eosin (H&E) and Giemsa.
Statistical analysis. We used the JMP statistical program package for statistical analyses (SAS Institute). Survival curves were compared using the generalized Wilcoxon rank sum and log-rank tests. Wilcoxon pvalues are shown; p ≤ 0.05 was considered significant.
RESULTS

Isolation
Axenic culture of ciliates obtained from a piece of brain was successful in CHSE-214 cells in EMEM with 10% FBS. However, ciliates from skin lesions often encountered bacterial contamination in spite of high antibiotic concentrations (500 IU ml -1 penicillin and 500 µg ml -1 streptomycin). Skin cultures were discarded when axenic culture from the brain tissue of the same fish was successful. Two ciliate cultures from skin lesions from 2 different fish farms were maintained because ciliates did not grow in the brain sample. From rotifers, scuticociliates were obtained in CHSE-214 cells but multiplication was poor.
Cloning
From the brain of olive flounder, 5 strains, YS1, WS1, YK1, JJ3 and Mie0301, were cloned (Table 1) . Two culture flasks inoculated a piece of skin ulcer containing 2 morphologically different scuticociliates. SCL-A and SCL-B stains cloned from skin were used in the present study. The JK3 strain was cloned from the rotifer sample.
Ciliate cultures
YS1, WS1, YK1, JJ3 and Mie0301 isolated from the brain were subcultured in CHSE-214 cells after cloning, and grew to a titre of ~10 6 cells ml -1 in 5 to 7 d at 20°C. These strains attached the anterior part of their cells to the flask bottom and actively lysed and destroyed CHSE-214 cells. The CHSE-214 cells finally detached from the bottom and floated in the medium. The ciliates fed on floating CHSE-214 cells, which finally disappeared in the culture flask within 5 to 7 d.
Strains of SCL-A and SCL-B from skin ulcers did not multiply in a culture medium with CHSE-214 cells with a high concentration of antibiotics. SCL-A and SCL-B swam rapidly, floating in the medium, but did not consume or lyse CHSE-214 cells. The CHSE-214 cells retained their normal morphology. After cloning SCL-A and SCL-B, antibiotics were reduced and coexisting bacteria were used as a food source. The ciliates grew to a titre of ~10 6 cells ml -1 in 5 to 7 d at 20°C. Strains originating from the same fish, with SCL-A and SCL-B able to lyse CHSE-214 cells, were identified as Miamiensis avidus. These strains were maintained in the CHSE-214 cells but were not included in the present study.
The JK3 isolate that originated from rotifers swam in the medium but did not lyse CHSE-214 cells. Growth was poor in CHSE-214 cells. After cloning, JK3 was cultured in sterile Miliport S (258.6 mM NaCl, 12.3 mM MgCl 2 · 6H 2 O, 5.3 mM KCl, 0.9 mM CaSO 4 ) (Provasoli et al. 1957 ) containing 0.1% of BHIA, and coexisting bacteria were used as food. The ciliates numbered 10 5 cells ml -1 after 5 to 7 d at 20°C. Food source bacteria in ciliate culture did not grow in Salmonella Shigella agar (SS agar) (Difco) or thiosulfate citrate bile salts-sucrose (TCBS) agar (Difco). No further identification of the bacteria was made.
Identification
Strains of YS1, YK1 and WS1 were identified as Miamiensis avidus by silver stain (Table 3) and sequencing of the SSU rRNA gene (Jung et al. 2005) . YS1, YK1 and WS1 exhibited the same morphology; detailed morphology of the YS1 strain has been reported previously (Jung et al. 2007 ). Mie0301 and JJ3 were identified as M. avidus only by sequencing of the SSU rRNA gene. All 5 strains of M. avidus, YS1, YK1, WS1, Mie0301 and JJ3, exhibited the same 1759 bp of SSU rRNA sequences as deposited in GenBank (accession no. AY550080). SCL-A and SCL-B were identified as Pseudocohnilembus persalinus and P. hargisi, respectively, by morphological similarities with other reports (Song & Wilbert 2002 , Ma et al. 2003 , Kim et al. 2004b (Table 3 ) and SSU rRNA gene sequencing. SCL-A and SCL-B exhibited 98.9 and 99.9% homology with deposited sequences of P. persalinus (AY551906) and P. hargisi (AY212806), respectively. JK3 was confirmed as Uronema marinum by morphological similarity with previous reports (Thompson 1963 , Coppellotti 1990 (Table 3 ) and by its SSU rRNA genes, which had 99.6% homology with a deposited sequence (GenBank accession no. Z22881). The SSU rRNA gene sequences of P. persalinus, P. hargisi and U. marinum determined in the present study were deposited in GenBank under accession numbers AY835669, AY833087 and DQ867074, respectively.
Infection experiment: intraperitoneal injection
The cumulative mortality of the fish by intraperitoneal injection with each species is shown in Fig. 1 . Mortality was significantly higher (p < 0.0001) in the Miamiensis avidus (JJ3, WS1, YS1 and YK1)-infected group compared with the control. More than 80% of mortalities recorded in all the groups injected with M. avidus at a dose of 10 6 cells fish -1 occurred within 7 d post-injection. The cumulative mortality of the Pseudocohnilembus persalinus (SCL-A)-infected group was 25% (p = 0.0183). P. hargisi (SCL-B)-and Uronema marinum (JK3)-infected groups showed no significant differences with the control group (Fig. 1A) . Ciliates were observed in a wet mount preparation of the moribund and dead fish in all M. avidus-infected groups but not in other groups. No mortality was observed in the control group.
In the groups injected with 10 4 cells fish -1
, the mortalities ranged from 10 to 45% in fish injected with Miamiensis avidus. No mortality was recorded in the remaining groups, including the control group (Fig. 1B) .
Infection experiment: immersion
The cumulative mortalities of fish infected with each species are shown in Fig. 2 . For the strains YS1, WS1, YK1 and JJ3 of Miamiensis avidus, mortality commenced between 6 and 9 d post-immersion, and reached 100% by 16 d in YK1-infected fish. The cumulative mortality for YS1 and JJ3 was 85% and for WS1 was 80% at the end of the 20 d infection period. M. avidus-infected groups showed significantly higher mortalities (p ≤ 0.0005) than the control group. However, the cumulative mortalities of fish immersed with Pseudocohnilembus persalinus and P. hargisi was only 10% with no significant differences from the control for the duration of the infection experiment. No mortality was recorded in the control fish for the duration of the experiment (Fig. 2A) .
In the second immersion infection experiment, mortality was significantly higher in YK1, WS1, YS1, Mie0301 and JJ3 (p ≤ 0.0231); fish exhibited 60 to 90% (Fig. 2B) . Statistical analysis showed no significant differences between U. marinum-, P. persalinus-and P. hargisi-infected groups with the control.
Clinical signs
For fish infected with Miamiensis avidus, i.p.-infected fish at a dose of 10 6 ciliates fish -1 showed severe abdominal distension, dark body colour, increased opercula movement and convulsion, but no other skin lesions were observed (Fig. 3A) . The ascetic fluid was red and large numbers of ciliates were swimming in the fluid. The intestine wall had become thin and transparent, and reddish fluid filled the intestine, and the liver and brain were red. In fish infected at a dose of 10 4 ciliate fish -1
, mortality occurred slowly and mild ulcer lesions were detected 19 d after infection. Most of the immersion-infected fish exhibited severe haemorrhages and ulcers on the fin, skin muscle and jaw (Fig. 3B) . Fish took several days to die after ulcer lesions were observed. Haemorrhages in the intestine were rarely observed in the late phases of infection. Masses of ciliates were observed in the fins, skin, brain and gills in wet mount preparations. For fish infected with Pseudocohnilembus persalinus, P. hargisi. and Uronema marinum, besides having no symptoms of scuticociliatosis, no ciliates were seen in the fins, skin or gills in wet mount preparations.
Histopathology
All Miamiensis avidus strains of YS1, WS1, YK1, JJ3 and Mie 0301 caused the same histopathological changes in olive flounder. Many ciliates were observed in the blood vessels, gills, fins, skin muscle, brain and lamina propria of the digestive tract, accompanied by necrosis and haemorrhages (Fig. 4 ). There were no evident histopathological differences between the i.p.-injected and immersion-infected groups of moribund and dead fish, except for severe necrosis and haemorrhage of the skin musculature in the immersioninfected group. However, no histological changes were observed in any tissues of fish infected with SCL-A (Pseudocohnilembus persalinus), SCL-B (Pseudocohnilembus hargisi) and JK3 (Uronema marinum), and there was no evidence of scuticociliates. In addition, bacteria were not observed in Giemsa-stained spleen, kidney or liver tissues at 1000× magnification.
DISCUSSION
Scuticociliatosis is a common disease in aquaculture fish, and in the last few years there have been several reports on fatal outbreaks of systemic infection by Philasterides dicentrarchi (syn. Miamiensis avidus) in sea bass, sea bream, turbot and olive flounder in France, Spain and Korea (Dragesco et al. 1995 , Iglesias et al. 2001 , Kim et al. 2004a , Jung et al. 2005 ). In addition, Uronema marinum and Pseudocohnilembus persalinus are also regarded as causative agents of scuticociliatosis in olive flounder (Cheung et al. 1980 , Jee et al. 2001 , Kim et al. 2004b ). All the species reported are highly histophagous, causing skin ulceration and systemic infections of the brain, gills and digestive tract. In a previous study, we isolated 8 strains of scuticociliates from diseased olive flounder collected from different farms, and identified them as M. avidus by their complete SSU rRNA gene sequence (Jung et al. 2005 ) and morphological study of the YS1 strain (Jung et al. 2007) .
In the present study, 2 other species of scuticociliatida were isolated from the ulcerated skin of diseased olive flounder, which was co-infected with Miamiensis avidus. They were identified as Pseudocohnilembus persalinus and P. hargisi by their complete SSU rRNA gene sequences and morphological characteristics. This is the first report of concurrent infection with different species of sucuticociliates in individual fishes.
However, it may commonly happen because many scuticociliates occur abundantly in coastal waters and at aquaculture sites (Yoshimizu et al. 1993 , Song & Wilbert 2000 . In the case that different species of scuticociliates occur in a fish, careful observations and cloning steps are necessary for their in vitro culture, identification and characterization.
Pseudocohnilembus persalinus, P. hargisi and Uronema marinum exhibited differences from Miamiensis avidus in terms of their cell-lysing ability. M. avidus attached the anterior part of its cell to the flask bottom and actively lysed CHSE-214 cells, and the CHSE-214 cells finally detached from the bottom. However, P. persalinus and P. hargisi are bacteriophagous and did not lyse CHSE-214 cells. In addition, our U. marinum JK3 strain, originally isolated from rotifers, would not infect or kill rotifers, but only attached to dead rotifer cells in the bottom of the well in in vitro culture experiments (data not shown). U. marinum did not lyse CHSE-214 cells and the growth was not good in CHSE-214 cell culture conditions in EMEM with 10% FBS. U. marinum prefers the lower nutrient conditions of Miliport S containing 0.1% BHIA. Plunkett & Hidu (1978) isolated U. marinum from diseased oysters and experimentally tested its growth in bacteria, algal cells and oyster tissue. U. marinum is bacteriophagous and not histophagous, and they concluded that U. marinum could not be the primary oyster pathogen. Regarding fish cell destruction and/or lysis characteristics, P. persalinus, P. hargisi and U. marinum may not cause severe ulcers or potential systemic invasion. In vivo experimental infections also correspond with the results of in vitro culture characteristics. Although it was reported that P. persalinus and U. marinum cause scuticociliatosis in olive flounder and marine fish species (Cheung et al. 1980 , Jee et al. 2001 , Kim et al. 2004b , there was no virulence displayed by these species in infection experiments by either immersion or i.p. injection methods. Therefore, we consider that P. persalinus, P. hargisi and U. marinum are non-pathogenic, free-living, bacteriophagous and/or saprophagous ciliates that secondarily attached to olive flounder ulcer lesions originally produced by M. avidus infection or some other cause.
In the present study, the mortality rate of olive flounder depended upon the infectious dose; 85 to 100% mortalities were recorded in olive flounder infected with 10 6 cells of Miamiensis avidus within 7 d, and 15 to 45% in fish infected with 10 4 cells by i.p. injection. Immersion infection was successful with 3.2 to 4.4 × 10 3 ciliates ml -1
. Four isolates from different regions in Korea and one isolate from Japan caused the same clinical signs and mortality pattern. Statistical analysis of survival curves showed significantly high pathogenicity of M. avidus-infected groups (10 6 ciliates fish -1 i.p.-injected and 10 3 ciliates ml -1 immersioninfected) compared with the control. Prominent differences of clinical signs according to the infection route are abdominal distension in i.p.-injected fish and ulcer lesions in immersion-infected fish. Clinical signs of natural infection were more similar to those in immersion infection than those in infection by injection, and natural infection may occur in a similar manner to immersion infection. Histological changes, infection routes and comparison with other studies in terms of pathogenicity are discussed in our previous study (Jung et al. 2007 In 2 yr of in vitro culture of Uronema marinum, significant decreases in protease activity and antioxidative enzymes were exhibited, and the authors suggested reduced protease activity might reflect infectivity to the host (Kwon et al. 2003) . In contrast, long-term in vitro culture did not affect pathogenicity in the present study. The strain YS1, originally isolated in May 1999, exhibited the same strong pathogenicity as other isolates from 2003 and 2004 . Although more evidence is needed, culture conditions of feeding live cells in the present study can be a factor maintaining their histolytic ability for pathogenicity.
Pseudocohnilembus persalinus, P. hargisi and Uronema marinum were cultured with food source bacteria, and these bacteria were included with ciliates for the infection trials. These food source bacteria seem unrelated to the fish mortality in our experimental conditions because the mortality of P. persalinus-, P. hargisi-and U. marinum-infected groups containing these bacteria exhibited no significant difference in survival to the control groups. Moreover, bacteria were not observed in fish tissue, which showed no histopathological changes.
Miamiensis avidus and Uronema marinum share similar morphometric characteristics in terms of body dimension, number of somatic cilia, position of contractile vacuole pores and oral ciliature. A major morphological difference between these 2 species is a pointed anterior with cilia in M. avidus and a flattened anterior apex without cilia in U. marinum. U. marinum was reported by Cheung et al. (1980) and Jee et al. (2001) as having a pointed anterior part where all the meridians reached the anterior end except for a shortened last somatic kinety (meridian), which ends membranelle 1 (M1). These morphological characteristics are the same as M. avidus. Although various silver impregnation methods have been used to identify scuticociliatida (Corliss 1953 , Foissner 1991 , there is difficulty in identification of various marine scuticociliates. Song & Wilbert (2000) re-identified various marine scuticociliates and reported that 14 forms had been misidentified or were junior synonyms. SSU rRNA sequences have corroborated taxonomic relationships with morphological characters; these sequences may also be needed to confirm species identification among morphologically very similar species.
In conclusion, only Miamiensis avidus was pathogenic to olive flounder in experimental infections by the routes of i.p. injection and immersion. Pseudocohnilembus persalinus, P. hargisi and Uronema marinum did not show pathogenicity, suggesting that these species are not the main causative agent of scuticociliatosis in olive flounder. 
